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(54) MEASURING APPARATUS FOR THERMOPHYSICAL PROPERTY IN VERY SMALL REGION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a measuring apparatus by 
which the thennophysical property in a very small region on the 
surface of a sample is measured with high spatial resolution. 
SOLUTION: A metal thin film is formed on the surface of a sample 3. 
In order to heat the surface of the sample, a laser beam 5 for heating, 
which is AC-modulated by a modulator 8 and a laser beam 6 for 
temperature measurement, with which the surface of the sample is 
irradiated are condensed in nearly the same position on the surface of 
the sample through a micro-optical system 4. The reflected light of the 
laser beam for temperature measurement, at this time is detected. On 
the basis of the reflected light of the laser beam for temperature 
measurement, a change in the temperature of the surface of the 
sample is detected, its phase delay and its relative intensity are 
measured, and the thermophysical property value in a very small 

region of the sample is calculated. When the sample is moved two-dimensionally, the two-dimensional 
distribution of a local thermophysical property value can be found. 
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* NOTICES *n^^ 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The laser for heating which emits the laser beam for heating which heats a sample front face, and the 
modulator which carries out the alternating current modulation of this laser beam for heating. The laser for temperature 
measurement which emits the laser beam for temperature measurement which irradiates the heated sample front face, 
Said both laser beams The microscope optical system on said front face of a sample which the same location is made to 
condense mostly, The minute field thermal property measuring device characterized by having a means to detect the 
reflected light of said laser beam for temperature measurement, and a means to compute the thermal property value of a 
sample based on said detected reflected light, and detecting the temperature change on the front face of a sample using 
the temperature dependence of the reflection factor on said front face of a sample. 

[Claim 2] The minute field thermal property measuring device according to claim 1 characterized by computing a 
thermal property value from the phase lag over the laser beam change for heating of a reflected light change of said 
laser beam for temperature measurement on the strength on the strength. 

[Claim 3] The minute field thermal property measuring device according to claim 1 characterized by computing a 
thermal property value from the relative intensity to the laser beam change for heating of a reflected light change of 
said laser beam for temperature measurement on the strength on the strength. 

[Claim 4] Claims 1-3 characterized by forming a metal thin film in said sample front face are the minute field thermal 
property measuring devices of a publication either. 

[Claim 5] A minute field thermal property measuring device given in either of claims 1-4 characterized by installing a 
sample in X and Y stage, moving the relative position to micro optical system two-dimensional, and measuring flat- 
surface distribution of a thermal property value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the minute field thermal property measuring device which computes 
the thermal property value of a sample by making the minute field on the front face of a sample condense the laser for 
heating, and the laser for measurement, and detecting the reflected light of the laser for measurement especially about 
the equipment which measures heat permeability distribution of a minute field using a thermal reflex method. 
[0002] 

[Description of the Prior Art] Conventionally, the laser flash method is known by the heat-conduction measuring 
method. The diameter of 10mm and the sample size beyond thickness 1mm were required for this approach, and 
measured heat conduction was a thermal property value which shows that average. Although there was a demand which 
wants to know distribution of the thermal property value of the smaller range, i.e., a micron unit, in the industrial 
world, there was no practical approach. The thin film is used widely industrially and, especially as for a semi-conductor 
electron device and a record medium, fine-structure-izing and complication are progressing for a degree of integration 
and the improvement in the engine performance. Although the thermal property value of each minute raw material 
which constitutes these is needed in the thermal design of a device, generally the measurement is difficult compared 
with measurement of a bulk material. In order to measure the thermal diffusivity of a thin film 1 micrometer or less, the 
"picosecond thermostat reflectance method thin film thermal-difflisivity instrumentation system" which used the 
picosecond pulse laser is developed. However, it takes about 30 minutes to measure the thermal diffusivity of one point 
in this system, and measurement of the thermal property value distribution on the front face of a sample is almost 
impossible because of time constraint. 
[0003] 

[Problem(s) to be Solved by the Invention] The object of this invention cancels the trouble of said conventional 
technique, and is to offer the minute field thermal property measuring device which can measure the thermal property 
of the minute field.on the firont face of a sample with high spatial resolving power. 
[0004] . 

[Means for Solving the Problem] The minute field thermal property measuring device concerning invention of claim 1 
The laser for heating which emits the laser beam for heating which heats a sample front face, and the modulator which 
carries out the alternating current modulation of this laser beam for heating. The laser for temperature measurement 
which emits the laser beam for temperature measurement which irradiates the heated sample front face, Both laser 
beams The microscope optical system on the fi'ont face of a sample which the same location is made to condense 
mostly, It has a means to detect the reflected light of the laser beam for temperature measurement, and a means to 
compute the thermal property value of a sample based on the detected reflected light, and is in the configuration which 
detected the temperature change on the front face of a sample using the temperature dependence of the reflection factor 
on the front face of a sample. Moreover, in invention of claim 1 , the configuration which computed the thermal 
property value from the phase lag over the laser beam change for heating of a reflected light change of the laser beam 
for temperature measurement on the strength on the strength has invention of claim 2. Moreover, in invention of claim 
1, the configuration which computed the thermal property value from the relative intensity to the laser beam change for 
heating of a reflected light change of the laser beam for temperature measurement on the strength on the strength has 
invention of claim 3. Moreover, in invention of claims 1-3, the configuration in which the metal thin film was formed 
on the sample front face has invention of claim 4. Furthermore, in one invention of claims 1-4, invention of claim 5 
installs a sample in X and Y stage, moves the relative position to micro optical system two-dimensional, and is in the 
configuration which measured flat-surface distribution of a thermal property value. 
[0005] 

[Function of the Invention] According to invention of claim 1, condensing heating of the laser beam for heating which 



carried out thealtemiting cxjrrent modulation is carried out on a sample front face with the several micrometers 
diameter of a spot. The skin temperature of a sample shows change of phase lag from alternating current fluctuation of 
heating by thermal diffusion. The magnitude of the change becomes settled with the thermal property value of a 
sample. If the laser beam for temperature measurement is condensed in the same location of the laser beam for heating, 
the reinforcement of the reflected light will change in proportion to the temperatxire change on the front face of a 
sample. Therefore, the phase lag and strong relative intensity to periodic change of the laser beam for heating of 
temperature cycling on the front face of a sample are measured by carrying out lock-in magnification of the output to 
the reflected light of the laser beam for temperature measurement detected with the detection means, using change of 
the laser beam for heating on the strength as a reference sign. The local thermal property value of a sample is computed 
from the measured phase lag and relative intensity. According to invention of claim 2, the reinforcement of the laser 
beam for temperature measurement changes in proportion to the temperature change on the front face of a sample. 
Since the phase lag of the temperature change on the front face of a sample is so small that the absorption coefficient 
alpha of the sample to the laser beam for heating is large and a thermal diffusivity kappa is large, alpha2kappa is called 
for from the phase lag over the laser beam change for heating of a reflected light change of the laser beam for 
temperature measurement on the strength on the strength. According to invention of claim 3, the reinforcement of the 
laser beam for temperature measurement changes in proportion to the temperature change on the front face of a sample. 
Since the temperature change on the front face of a sample is so large that the absorption coefficient alpha of the 
sample to the laser beam for heating is large and a thermal diffusivity kappa is large, alpha2kappa is called for from the 
relative intensity to the laser beam change for heating of a reflected light change of the laser beam for temperature 
measurement on the strength on the strength. According to invention of claim 4, thermostat reflectance measurement is 
realized by forming a metal thin film in the front face also to a sample with the small absorption coefficient to the laser 
beam for heating, and the laser beam for temperature measurement, or a sample with the small temperature coefficient 
of the reflection factor of the laser beam for temperature measurement. In invention of claim 2, since the phase lag over 
the laser beam for heating of the laser beam for temperature measurement has the small heat capacity C of a metal thin 
film, and it is so small that the heat permeability bs of a sample is large, C/bs is calculated from the phase lag over the 
laser beam change for heating of a reflected light change of the laser beam for temperature measurement on the 
strength on the strength. Moreover, in invention of claim 3, since it is so large that the relative intensity to the laser 
beam for heating of the laser beam for temperature measurement has the small heat capacity C of a metal thin film and 
the heat permeability bs of a sample is large, C^s is calculated from the relative intensity to the laser beam change for 
heating of a reflected light change of the laser beam for temperature measurement on the strength on the strength. 
According to invention of claim 5, 2-dimensional distribution of a local thermal property value is searched for by 
continuing measurement of phase? lag and relative intensity, operating the relative position of a sample by X and Y 
stage. . • V . ' " . - 

[0006] 

[The mode of implementation of invention] It explains referring to a drawing about the example of this invention. First, 
the measurement principle of the minute field thermal property measuring device of this invention is explained. A thin 
film and a substrate two-layer model are considered. Here, it corresponds to the target sample [ a thin film turns into a 
metal thin film, and / substrate ], respectively. The sine-intensity modulation of angular frequency omega is irradiated 
at the metal thin film of thickness d given to carrier beam heating light on the sample front face, a thermal diffusivity 
kf, and the heat permeability bf, and it is heated. At this time, a surface temperature response turns into a periodic 
response of the angular frequency omega accompanied by certain phase lag delta to heating light. The phase contrast 
over the heating light of a skin temperature response becomes small, so that angular frequency omega is so small that 
the heat permeability of a sample is large. 

[0007] The partial heat permeability of a sample is calculable based on the thin film and substrate two-layer model 
shown in drawing 1 . A substrate is made into the thickness of half-infinity and it assumes that heat diffuses only the 
thickness direction. Periodic heating F (t) shall be given by the following formula (1). 
[0008] 
[Equation 1] 

F(0-sincyr (1) 

At this time, Laplace-transform T (xi) of a skin temperature response is expressed with the following formula (2). 

[0009] 

[Equation 2] 

f(^) ^ a> ootH^) 4. fi 

AA/l'»'+^'coth(7^) + /3-' 



bs is the heat peraieabiHty of a substrate (sample). Here, tauf is the property time amount about the thermal diffusion of 
a thin film layer, and the heat permeability ratio [ as opposed to a thin film in tauf=d2/kf and beta ] of a substrate. If 
inverse Laplace transform of the formula (2) is carried out, generally the following formulas can describe a skin 
temperature response. 
[0010] 
[Equation 3] 

(3) 



[0011] 
[Equation 4] 
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[0012] Here, delta shows the phase lag of the skin temperature response to periodic heating. The property time amount 
d2/kf of the thermal diffusion from the table of a thin film to a background is small enough compared with the 
modulation period omega of heating light, and the heat permeability ratio beta of a surface phase response type (3) of a 
substrate to a thin film is as follows in approximation, when sufficiently small. 
[0013] 
[Equation 5] 
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(5) 



Here, taus is the property time amount showing the thermal diffusion in a substrate. (5) According to the formula, 
phase lag delta of a temperature response to heating light changes between 45 degrees and 90 degrees, when omegataus 
changes from 0 to infinity. 

[0014] Next, the calculation of relative intensity to the laser beam change for heating of a reflected light change of the 
laser beam for temperature measurement on the strength on the strength is explained. It is a heat flow rate per [ by 
which the amplitude 1 was modulated ] unit area [0015] 
[Equation 6] 

F(f) = sin(yr (1) 

At this time, the Laplace transform of a skin temperature response is [0016]. 
[Equation 7] 



K, 



(3) 



Here, the thermal diffusion property time amount (2) of a tauf:thin film is [0017] when [ when beta and tauf are 



sufficient ] siriail. 
[Equation 8] 



1 w 



(4) 
(5) 



It can approximate. Inverse Laplace transform of (4) is carried out, and the following formulas are obtained. 

[0018] 

[Equation 9] 

^ 1^ sin^ait - ^jt j + (1 + 0)cos|a< ~ j 



(6) 



V 2 



(7) 



Generally skin temperature can be written as follows. 

[0019] ... 
[Equation 10] 

r(/) = /4sinfft«-a) (8) 

The expedient top of count and the following are introduced. 
[0020] 

[Equation 11] 

6=-Jt + 6' (9) 
4 



It is [0021] from (6), (8), and (9). 

[Equation 12] 



AQOsd'= 



4> 



b,yf^^' +(1+0)'} 



(10) 

(11) 



It is [0022] from (10) and (1 1). 

[Equation 13] 

I. 1+0 
tan<5'= 

It is [0023] from (7), (9), and (12). 
[Equation 14^ 



(12) 



d = —Jt + arclan 
4 



1 + 



2 



[ V"2 J 



(13) 



It is [0024] from (10) and (11). 

[Equation 15] 
1 



(14) 



It is [0025] when it calculates by carrying out inverse Laplace transform, without approximating (2). 
[Equation 16] 



It becomes. Naturally the amplitude A corresponding to (15) is calculable. At this time, it is [0026]. 
[Equation 17] 



(/J--/J)tanV; 



(16) 



(17) 



[0027] Drawing 2 is the conceptual diagram showing the system configuration of the minute field thermal property 
measuring device of this invention. X and the Y stage 1 are the device which can move to two dimensions of X and the 
direction of Y freely, and fine adjustment of the height of the vertical direction is attained by the micrometer 2. The 
sample 3 which should be measured is laid in X and Y stage, and it performs height adjustment by the micrometer 2 so 
that a laser beam may condense on a sample front face. After passing the microscope optical system 4 in the front face 
of a sample 3, the laser beam 5 for heating and the laser beam 6 for temperature measurement which lapped on the 
same optical axis are irradiated. 

[0028] The laser beam 5 for heating is emitted from the laser 7 for heating which consists of CW argon laser with a 
wavelength of 514.5nm etc., and is modulated by the alternating current modulator 8. The laser beam 6 for temperature 
measurement is emitted from the laser 9 for temperature measurement which consists of CW He Ne laser etc. A driver 
10 processes the aherhating current of the predetermined frequency outputted from a fimction generator 1 1 to power 
required for the modulation of the laser beam for heating, and outputs it to the alternating current modulator 8. The 
alternating current modulator 8 modulates the laser beam for heating from the laser 7 for heating by the alternating 
current outputted from a driver 10. 

[0029] On the optical axis of the microscope optical system 4, the 1st half mirror 12 and the 2nd half mirror 13 are 
arranged. The 1st half mirror 12 acts so that the laser beam 6 for temperature measurement which is made to reflect the 
laser beam 5 for heating generated from the laser 7 for heating in accordance with the optical axis of the microscope 
optical system 4, and is emitted from the laser 9 for temperature measurement may be passed in accordance with the 
optical axis of the microscope optical system 4. The 2nd half mirror 13 acts so that the laser beam 5 for heating and the 
laser beam 6 for temperature measurement which were reflected on the sample front face may be reflected in 
accordance with the incident light shaft of the optical detector 14, while passing the laser beam 5 for heating reflected 
by the 1st half mirror 12, and the laser beam 6 for temperature measurement which passed the 1st half mirror 12 in 
accordance wdth the optical axis of the microscope optical system 4. Here, optical DITAKUTA 14 is constituted by 
photo diode etc.^ 

[0030] The laser beam reflected by the 2nd half mirror 13 intercepts the reflected light of the laser beam 5 for heating 
with a band pass filter 15, passes only the reflected light of the laser beam 6 for temperature measurement, and is 
detected by the optical detector 14. Between the 2nd half mirror 13 and a band pass filter 15, it is arranged rotatable in 
the location from which the 3rd half mirror 16 separated from the optical axis of the reflected light, and the location 
which reflects a part of reflected light in the direction of CCD camera 17. An image is projected on a monitor 18 by 
both the reflected lights that carried out incidence to CCD camera 17, and spot size on the sample front face of the laser 
beam 5 for heating and the laser beam 6 for temperature measurement and alignment are performed, looking at this 
image. 

[0031] The lock-in amplifier 19 amplifies the component which synchronized with the reference sign which is 
proportional to a change of the laser beam for heatmg on the strength among the detecting signals according to a 
change of the laser beam for temperature measurement detected by the optical detector 14 on the strength, and obtains 
phase lag delta of the reflected light to a reference sign. Partial heat permeability calculates surveyed phase lag delta by 
substituting it for (5) types by making the. thermal property value of a metal thin film into known. 
[0032] The temperature response of the molybdenum with which thickness differs in drawing 3 is shown. (4) The value 
of a bulk material was used for the calculated value based on a formula. With the thickness of a molybdenum thin film, 
the measured phase lag is increasing like calculated value. Since the heat permeability ratio beta of a glass substrate to 
a molybdenum thin film is small, based on (5) types, the heat permeability of the glass substrate for which it asked 
from the phase contrast acquired by measurement is shown in a table 1 . 



[0033] 



[A table 1] 
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[0034] This invention A micro electronics-related record medium, a DVD optical disk, MO magneto-optic disk, a 
thermoelement, CPU and RAM of LSI, semiconductor laser. The CC composites used for composite material, 
especially a nuclear field, the heat-resisting material of a spacecraft, etc. as raw materials, such as LED and a power 
transistor. By combining two or more kinds of ingredients with which physical properties differ, such as a 
superconduction wire rod, various coating materials, a functionally gradient material, and composite material, although 
the thermal property value distribution of the ingredient which realized the outstanding property which is not acquired 
only with each ingredient is measured, it is directly available. In order to make the conventional thermal design to a 
detail more, the property in heat engineering-related industrial materials is raised by leaps and bounds. 
[0035] 

[Effect of the Invention] According to this invention, by carrying out the high-speed sine wave modulation of the laser 
beam for heating, and considering as heating light, the measuring time of the thermostat reflectance method is 
shortened so that partial heat permeability distribution may become measurable. Moreover, the measuring object is 
expandable not only to a metal but a semi-conductor, the ceramics, a carbon material, etc. by forming a metal thin film 
in a sample front face. Furthermore, the partial heat permeability of the substrate under a metal thin film is computed 
by calculating a skin temperature response.based on the analysis of a thin film and a substrate two-layer system. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the minute field thermal property measuring device which computes 
the thermal property value of a sample by making the minute field on the front face of a sample condense the laser for 
heating, and the laser for measurement, and detecting the reflected light of the laser for measurement especially about 
the equipment which measures heat permeability distribution of a minute field using a thermal reflex method. 
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PRIOR ART 



[Description of the Prior Art] Conventionally, the laser flash method is known by the heat-conduction measuring 
method. The diameter of 10mm and the sample size beyond thickness 1mm were required for this approach, and 
measured heat conduction was a thermal property value which shows that average. Although there was a demand which 
wants to know distribution of the thermal property value of the smaller range, i.e., a micron unit, in the industrial 
world, there was no practical approach. The thin film is used widely industrially and, especially as for a semi-conductor 
electron device and a record medium, fine-structure-izing and complication are progressing for a degree of integration 
and the improvement in the engine performance. Although the thermal property value of each minute raw material 
which constitutes these is needed in the thermal design of a device, generally the measurement is difficult compared 
with measurement of a bulk material. In order to measure the thermal diffusivity of a thin film 1 micrometer or less, the 
"picosecond thermostat reflectance method thin film thermal-diffusivity instrumentation system" which used the 
picosecond pulse laser is developed. However, it takes about 30 minutes to measure the thermal diffusivity of one point 
in this system, and measurement of the thermal property value distribution on the front face of a sample is almost 
impossible because of time constraint. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, by carrying out the high-speed sine wave modulation of the laser 
beam for heating, and considering as heating light, the measuring time of the thermostat reflectance method is 
shortened so that partial heat permeability distribution may become measurable. Moreover, the measuring object is 
expandable not only to a metal but a semi-conductor, the ceramics, a carbon material, etc. by forming a metal thin film 
in a sample front face. Furthermore, the partial heat permeability of the substrate under a metal thin film is computed 
by calculating a skin temperature response based on the analysis of a thin film and a substrate two-layer system. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The object of this invention cancels the trouble of said conventional 
technique, and is to offer the minute field thermal property measuring device which can measure the thermal property 
of the minute field on the firont face of a sample with high spatial resolvmg power. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The object of this invention cancels the trouble of said conventional 
technique, and is to offer the minute field thermal property measuring device which can measure the thermal property 
of the minute field on the fi-ont face of a sample with high spatial resolving power. 
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MEANS 



[Means for Solving the Problem] The minute field thermal property measuring device concerning invention of claim 1 
The laser for heating which emits the laser beam for heating which heats a sample front face, and the modulator which 
carries out the alternating current modulation of this laser beam for heating. The laser for temperature measurement 
which emits the laser beam for temperature measurement which irradiates the heated sample front face, Both laser 
beams The microscope optical system on the front face of a sample which the same location is made to condense 
mostly. It has a means to detect the reflected light of the laser beam for temperature measurement, and a means to 
compute the thermal property value of a sample based on the detected reflected light, and is in the configuration which 
detected the temperature change on the firont face of a sample using the temperature dependence of the reflection factor 
on the front face of a sample. Moreover, in invention of claim 1, the configuration which computed the thermal 
property value from the phase lag over the laser beam change for heating of a reflected light change of the laser beam 
for temperature measxirement on the strength on the strength has invention of claim 2. Moreover, in invention of claim 
1, the configuration which computed the thermal property value from the relative intensity to the laser beam change for 
heating of a reflected light change of the laser beam for temperature measurement on the strength on the strength has 
invention of claim 3. Moreover, in invention of claims 1-3, the configuration in which the metal thin film was formed 
on the sample fi-ont face has invention of claim 4. Furthermore, in one invention of claims 1-4, invention of claim 5 
installs a sample in X and Y stage, moves the relative position to micro optical system two-dimensional, and is in the 
configuration which measured flat-surface distribution of a thermal property value. 
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OPERATION 



[Function of the Invention] According to invention of claim 1, condensing heating of the laser beam for heating which 
carried out the alternating current modulation is carried out on a sample front face with the several micrometers 
diameter of a spot. The skin temperature of a sample shows change of phase lag from ahemating current fluctuation of 
heating by thermal diffusion. The magnitude of the change becomes settled with the thermal property value of a 
sample. If the laser beam for temperature measurement is condensed in the same location of the laser beam for heating, 
the reinforcement of the reflected light will change in proportion to the temperature change on the front face of a 
sample. Therefore, the phase lag and strong relative intensity to periodic change of the laser beam for heating of 
temperature cycling on the front face of a sample are measured by carrying out lock-in magnification of the output to 
the reflected light of the laser beam for temperature measurement detected with the detection means, using change of 
the laser beam for heating on the strength as a reference sign. The local thermal property value of a sample is computed 
from the measured phase lag and relative intensity. According to invention of claim 2, the reinforcement of the laser 
beam for temperature measurement changes in proportion to the temperature change on the front face of a sample. 
Since the phase lag of the temperature change on the front face of a sample is so small that the absorption coefficient 
alpha of the sample to the laser beam for heating is large and a thermal diffusivity kappa is large, alpha2kappa is called 
for from the phase lag over the laser beam change for heating of a reflected light change of the laser beam for 
temperature measurement on the strength on the strength. According to invention of claim 3, the reinforcement of the 
laser beam for temperature measurement changes in proportion to the temperature change on the front face of a sample. 
Since the temperature change on the front face of a sample is so large that the absorption coefficient alpha of the 
sample to the laser beam for heating is large and a thermal diffusivity kappa is large, alpha2kappa is called for from the 
relative intensity to the laser beam change for heating of a reflected light change of the laser beam for temperature 
measurement on the strength on the strength. According to invention of claim 4, thermostat reflectance measurement is 
realized by forming a metal thin film in the front face also to a sample with the small absorption coefficient to the laser 
beam for heating, and the laser beam for temperature measurement, or a sample with the small temperature coefficient 
of the reflection factor of the laser beam for temperature measurement. In invention of claim 2, since the phase lag over 
the laser beam for heating of the laser beam for temperature measurement has the small heat capacity C of a metal thin 
film, and it is so small that the heat permeability bs of a sample is large, C/bs is calculated from the phase lag over the 
laser beam change for heating of a reflected light change of tiie laser beam for temperature measurement on the 
strength on the strength. Moreover, in invention of claim 3, since it is so large that the relative intensity to the laser 
beam for heating of the laser beam for temperature measurement has the small heat capacity C of a metal thin film and 
the heat permeability bs of a sample is large, C/bs is calculated from the relative intensity to the laser beam change for 
heating of a reflected light change of the laser beam for temperature measurement on the strength on the strength. 
According to invention of claim 5, 2-dimensional distribution of a local thermal property value is searched for by 
continuing measurement of phase lag and relative intensity, operating the relative position of a sample by X and Y 
stage. 
[0006] 

[The mode of implementation of invention] It explains referring to a drawing about the example of this invention. First, 
the measurement principle of the minute field thermal property measuring device of this invention is explained. A thin 
film and a substrate two-layer model are considered. Here, it corresponds to the target sample [ a thm film turns into a 
metal thin film, and / substrate ], respectively. The sine-intensity modulation of angular frequency omega is irradiated 
at the metal thin film of thickness d given to carrier beam heating light on the sample front face, a thermal diffiisivity 
kf, and the heat permeability bf, and it is heated. At this time, a surface temperature response turns into a periodic 
response of the angular frequency omega accompanied by certain phase lag delta to heating light. The phase contrast 
over the heating light of a skin temperature response becomes small, so that angular frequency omega is so small that 
the heat permeability of a sample is large. 



[0007] The patrtial heat permeability of a sample is calculable based on the thin film and substrate two-layer model 
shown in drawing 1 . A substrate is made into the thickness of half-infinity and it assumes that heat diffuses only the 
thickness direction. Periodic heating F (t) shall be given by the following formula (1). 
[0008] 
[Equation 1] 

FiO^Sincot (1) 

At this time, Laplace-transform T (xi) of a skin temperature response is expressed with the following formula (2). 

[0009] 

[Equation 2] 

1 CO coth(,y^)-^^ 



(2) 



bs is the heat permeability of a substrate (sample). Here, tauf is the property time amount about the thermal diffusion of 
a thin film layer, and the heat permeability ratio [ as opposed to a thin film in tauf=d2/kf and beta ] of a substrate. If 
inverse Laplace transform of the formula (2) is carried out, generally the following formulas can describe a skin 
temperature response. 
[0010] 
[Equation 3] 

(3) 



TiO'^AsmicDt-d) 



[0011] 
[Equation 4] 



d = —jr + arctan 
4 




(4) 
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[0012] Here, delta shows the phase lag of the skin temperature response to periodic heating. The property time amount 
d2/kf of the thermal diffusion from the table of a thin film to a background is small enough compared with the 
modulation period omega of heating light, and the heat permeability ratio beta of a surface phase response type (3) of a 
substrate to a thin film is as follows in approximation, when sufficiently small. 
[0013] 
[Equation 5] 



d = arctan 



1 + 



art 
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+ — ;r 
4 



(5) 



Here, taus is the property time amount showing the thermal diffusion in a substrate. (5) According to the formula, 
phase lag delta of a temperature response to heating light changes between 45 degrees and 90 degrees, when omegataus 
changes from 0 to infinity. 

[0014] Next, the calculation of relative intensity to the laser beam change for heating of a reflected light change of the 
laser beam for temperature measurement on the strength on the strength is explained. It is a heat flow rate per [ by 



which the amplitude '1 was modulated ] unit area [0015] 
[Equation 6] 

F(t) = sm(ot (1) 

At this time, the Laplace transform of a skin temperature response is [0016]. 
[Equation 7] 



(3) 



Here, the thermal diffusion property time amount (2) of a tauf:thin film is [0017] when [ when beta and tauf are 
sufficient ] small. 
[Equation 8] 

<« 

It can approximate. Inverse Laplace transform of (4) is carried out, and the following formulas are obtained. 

[0018] 

[Equation 9] 

^siofa* - 7^ I + (1 + 0)cos| tt« - -n\ 
Tii^ 1_ i U (6) 



,-.^<^ (7) 

Generally skin temperature can be written as follows. 
[0019] 

[Equation 10] 

T(/) = /4sin(aif-(5) (8) 

The expedient top of coimt and the following are introduced. 
[0020] 

[Equation 11] 

6=4^ + <5' (9) 
4 

It is [0021] from (6), (8), and (9). 
[Equation 12] 

^^°««"=r-7roT7^ (10) 



/lsina'= r=rr^ n (11) 

It is [0022] from (10) and (11). 
[Equation 13] 

tana'=-ii^ (12) 

It is [0023] from (7), (9), and (12). 
[Equation 14] 



1 + 



S = — jr + arctan 
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(13) 



It is [0024] from (10) and (11). 
[Equation 15] 

A- ' 



(14) 



It is [0025] when it calculates by carrying out inverse Laplace transform, without approximating (2). 
[Equation 16] 



6 a —n + arctan 
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cor. 



tanh J — ^ + p tanh J— ^ + /J"' 



(15) 



It becomes. Naturally the amplitude A corresponding to (15) is calculable. At this time, it is [0026]. 
[Equation 17] 




(17) 

[0027] Drawing 2 is the conceptual diagram showing the system configuration of the minute field thermal property 
measuring device of this invention. X and the Y stage 1 are the device which can move to two dimensions of X and the 
direction of Y freely, and fine adjustment of the height of the vertical direction is attained by the micrometer 2. The 
sample 3 which should be measured is laid in X and Y stage, and it performs height adjustment by the micrometer 2 so 
that a laser beam may condense on a sample front face. After passing the microscope optical system 4 in the front face 
of a sample 3, the laser beam 5 for heating and the laser beam 6 for temperature measurement which lapped on the 
same optical axis are irradiated. 

[0028] The laser beam 5 for heating is emitted from the laser 7 for heating which consists of CW argon laser with a 
wavelength of 514.5mn etc., and is modulated by the alternating current modulator 8. The laser beam 6 for temperature 
measurement is emitted from the laser 9 for temperature measurement which consists of CW He Ne laser etc. A driver 
10 processes the alternating curre nt of the predetermined frequency outputted from a function generator 1 1 to power 
required for the modulation of the laser beam for heating, and outputs it to the alternating current modulator 8. The 
alternating current modulator 8 modulates the laser beam for heating from the laser 7 for heating by the alternating 
current outputted from a driver 10. 

[0029] On the optical axis of the microscope optical system 4, the 1st half mirror 12 and the 2nd half mirror 13 are 
arranged. The 1st half mirror 12 acts so that the laser beam 6 for temperature measurement which is made to reflect the 
laser beam 5 for heating generated from the laser 7 for heating in accordance with the optical axis of the microscope 
optical system 4, and is emitted from the laser 9 for temperature measurement may be passed in accordance with the 
optical axis of the microscope optical system 4. The 2nd half mirror 13 acts so that the laser beam 5 for heating and the 
laser beam 6 for temperature measurement which were reflected on the sample front face may be reflected in 
accordance with the incident light shaft of the optical detector 14, while passing the laser beam 5 for heating reflected 
by the 1st half mirror 12, and the laser beam 6 for temperature measurement which passed the 1st half mirror 12 in 
accordance with the optical axis of the microscope optical system 4. Here, optical DITAKUTA 14 is constituted by 
photo diode etc. 

[0030] The laser beam reflected by the 2nd half mirror 13 intercepts the reflected light of the laser beam 5 for heating 
with a band pass filter 15, passes only the reflected light of the laser beam 6 for temperature measurement, and is 
detected by the optical detector 14. Between the 2nd half mirror 13 and a band pass filter 15, it is arranged rotatable in 
the location from which the 3rd half mirror 16 separated from the optical axis of the reflected light, and the location 
which reflects a part of reflected light in the direction of CCD camera 17. An image is projected on a monitor 18 by 
both the reflected lights that carried out incidence to CCD camera 17, and spot size on the sample front face of the laser 



beam 5 for heating and the laser beam 6 for temperature measurement and alignment are performed, looking at this 
image. 

[0031] The lock-in amplifier 19 amplifies the component which synchronized with the reference sign which is 
proportional to a change of the laser beam for heating on the strength among the detecting signals according to a 
change of the laser beam for temperature measurement detected by the optical detector 14 on the strength, and obtains 
phase lag delta of the reflected light to a reference sign. Partial heat permeability calculates surveyed phase lag delta by 
substituting it for (5) types by making the thermal property value of a metal thin film into known. 
[0032] The temperature response of the molybdenum with which thickness differs in drawing 3 is shown. (4) The value 
of a bulk material was used for the calculated value based on a formula. With the thickness of a molybdenum thin film, 
the measured phase lag is increasing like calculated value. Since the heat permeability ratio beta of a glass substrate to 
a molybdenum thin film is small, based on (5) types, the heat permeability of the glass substrate for which it asked 
from the phase contrast acquired by measurement is shown in a table 1. 
[0033] 
A table 1] 

^1 



Bulk 

50 
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51.6 
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69.7 
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[0034] This invention A micro electronics-related record medium, a DVD optical disk, MO magneto-optic disk, a 
thermoelement, CPU and RAM of LSI, semiconductor laser, The CC composites used for composite material, 
especially a nuclear field, the heat-resisting material of a spacecraft, etc. as raw materials, such as LED and a power 
transistor, By combining two or more kinds of ingredients with which physical properties differ, such as a 
superconduction wire rod, various coating materials, a fimctionally gradient material, and composite material, although 
the thermal property value distribution of the ingredient which realized the outstanding property which is not acquired 
only with each ingredient is measured, it is directly available. In order to make the conventional thermal design to a 
detail more, the property in heat engineering-related industrial materials is raised by leaps and bounds. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the property of the thermal diffusion of a thin film and a substrate two- 
layer model of a parameter. 

[Drawing 2] It is the conceptual diagram showing the system configuration of the minute field thermal property 
measuring device of this invention. 

[Drawing 3] It is drawing showing the relation of the phase lag over thickness. 
[Description of Notations] 

1 X, Y Stage 

2 Micrometer 

3 Sample 

4 Microscope Optical System 
12, 13, 16 Half mirror 

14 Optical Detector 

15 Band Pass Filter 

17 CCD Camera 

18 Monitor 
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